INTRODUCTION
, an account is given of experiments in photographing the spectra of sun-spots made at the Yerkes Observatory in 1902. The spectrograph employed in this work was provided with collimator and camera of 3J inches (8.3 cm) aperture and 42 £ inches (108 cm) focal length, and a plane grating having 20,000 lines to the inch (7,874 to the centimeter), used in the second spectrum. With the same spectrograph the more conspicuous of the widened Unes had been photographed at the Kenwood Observatory some years previously, but the 2-inch (5 cm) solar image given by the 12-inch (30 cm) Kenwood refractor was found to be too small for satisfactory work. At the Yerkes Observatory the spectrograph was attached to the 40-inch (102 cm) telescope, and the 7-inch (18 cm) solar image proved to be large enough for all but the smallest spots. Many widened lines were photographically recorded, and the.spot "bands" were partially resolved into lines, some of which were measured on the plates. The linear dispersion of the spectrograph, however, was quite insufficient to permit more than a small part of its resolving power to be realized photographically. For this reason the continuation of the work was deferred until a suitable spectrograph could be obtained. Since this instrument was to have a focal length of 18 feet (5.5 m), it could not be attached to the 40-inch telescope. For this reason it was decided to carry on the work with a long-focus horizontal telescope, then in process of construction in the instrument shop of the Yerkes Observatory.
by tilting the grating back through a very small angle. Light from the slit reflected toward the plate by the 4-inch objective is eliminated by pasting small pieces of paper to the inner surface of the lens. The plate-holder can be moved vertically by means of a rack and pinion, thus permitting several spectra to be photographed side by side on a single plate 3^X10 inches (8.3 x25.4 cm). As the distance from the center of the slit to the center of the spectrum is only 5!.inches (14.6 cm), the astigmatism, which is at right angles to the direction of dispersion, is too small to be noticeable. The definition of the spectrograph is excellent visually, but in view of the comparatively long exposures required in the third-order spectrum, the present work has been done in the second order, where the linear dispersion is insufficient to secure complete photographic resolution. For this reason we hope to obtain better results when a larger objective and grating have been provided for the spectrograph.
At this point a few words may be said regarding the relative advantages of the visual and photographic methods of observing spot spectra. The visual method permits the finest details of the spectra to be seen, and thus renders possible the separation of close ines and the observation of such narrow reversals as Mitchell has recently recorded. Advantage can be taken of the moments of best 190 6Ap J.
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13 00 CM definition, and none of the various phases of rapidly changing eruptive phenomena need be lost, as they may be in photographic work where exposures of several minutes are required. For these reasons visual observations cannot be wholly supplanted by photography, in spite of the numerous advantages of the latter. These include:
1. The possibility of recording, during brief periods of fine definition, the entire spectrum of several spots, leaving the work of measurement and identification of the lines to be done at leisure.
2. The high degree of precision attainable in measurements othe photographs, insuring correct identification of fines and the detection of small displacements caused by motion or pressure.
3. The ease of acquainting other observers, through the publication of photographs, with the exact nature of the results obtained, thus reducing the danger of such misunderstandings as are common in connection with visual work.
The plates used in our work are the Cramer Instantaneous Isochromatic, which have a maximum of sensitiveness at about X 5600. With suitable exposure-time these plates cover the region from near the D fines into the blue-green. It would, of course, be possible to go farther to the red by extending the time of exposure sufficiently, but the curve of sensitiveness in this region is so steep that only a very small extent of spectrum would be properly exposed at any one time; and so it has seemed preferable to wait until specially sensitized plates become available for this work. The region which we include in our present discussion extends accordingly from X 5000 to about \ 5850. Table I gives in detail Mr. Adams' estimates .of intensity and identifications with Rowland's solar fines for the widened fines upon ten of the plates, L 17 . . . . L43. The individual determinations of intensity are given in order to show about what degree of accordance is to be expected among separate observations. As stated above, we have adopted Fowler's plan of estimating the spot fines in terms of Rowland's intensities, beginning with 0000, which represents a line at the limit of visibility, and going upward through 000,00, o, 1, etc. Intermediate intensities are denoted by a dash between the preceding and the following value : thus, 1-2 denotes a fine whose intensity is 190 6Ap J. 00 CM 14 GEORGE E. HALE AND WALTER S. ADAMS midway between i and 2 of Rowland^ scale. In practice this system has proved very convenient. The spectrum of the spot has on either side the spectrum of the disk for comparison purposes, the intensities of the two having been made as nearly as possible the same through suitable exposure time. Accordingly, in examining the plates under a low-power microscope, the observer has in the same field of view with the spot spectrum a large number of fines of the comparison spectrum showing a wide range in intensity. The estimation of the intensities of the spot fines in terms of these then becomes very simple. The first three columns of the table give Rowland's wave-lengths for the fines, the elements to which they are due, and their intensities in the Sun. The fourth column gives their intensities in the spots and is made up of the means of the succeeding columns. It is placed next to the column of Solar Intensities for convenience in comparison. The abbreviation "n. c." for "no change" denotes that the fine is not affected.
The linear scale of the plates is very closely 1.5 tenth-meters to the millimeter.
The fist below does not include fines for which the mean of the determinations does not show a change of intensity amounting to one-half of a division on Rowland's scale. It also omits a considerable number of "band-lines" in the region X 5300 to X 5600, which we are at present engaged in identifying, and shall publish later. The "band-fines" in the region X 5000-X 5200 are discussed elsewhere in this paper.
Visual determinations of the widened fines in this region of the spectrum have been published by many observers. The latest of these is that of W. M. Mitchell, 1 and a comparison of the results obtained by the two methods is of considerable interest. It should, however, be remembered that the fist of fines given here is based upon but ten plates, and that these include only three separate spots, while Mitchell's results are derived from a much greater number. Excluding the "band-fines" in the region X 5030-X 5215, Mitchell's fist gives a total of 352 fines between X 5000 and X 5850 which are affected. The table above gives a total of 345. Of these, 267 are common to both fists; 85 are given by Mitchell which do not occur in our fist;
and 78 are given above and are not found in Mitchell's 
VO vO m vO X>. co rí-vC O On Ov l>. O t^vO O 00 OvvO t^mioiOt^HvO ■•Qvm CM 00 00 co CM CO 00 o ■■00 VO O VO m co h 00 t».voCM O QvO hoO C^-O rj-vO 00 VO r^OO o ■ ' d-lOVO t^OO H rj-C^-OO CM co Tt-lOOO Ov H cm to O cm t^oo Ov CM CM cm CO Tt-Tt^Tt^iotoiO IOVO vO vO vO vO vo t^»00 00 00 00 00 00 vO vO vO vO vO vO vO vO vo vO vO vO vOvOvOvOvOvOvOvOvOvOvOvOvOvOvOvO to to lO to to to to to to to to to to to to to to to to to to to to to to to to to 28 GEORGE E HALE AND WALTER S. ADAMS 00 CM character of these missing lines is very different in the two cases. Those absent from our list are for the greater part lines of medium or considerable intensity which appear in Mitchell's list as only slightly affected. In the case of such lines it is always .difficult to be certain of a slight variation in intensity, ahd, while most of these lines have been observed by us, the mean variation has been too small for them to be included in the table. On the other hand, the lines present in our list and not in that of Mitchell are for the most part coincident with very faint lines in the solar spectrum, and would be classed as "band-lines" if we made use of that term.
Although the list of lines which we have given is intended rather to show the possibilities of the photographic method than to serve as a definitive table, it will not be out of place to give a brief analysis of them with especial reference to the elements to which they belong.
An inspection of the table gives the following results : OBSERVATIONS OF SUN-SPOTS 29 00 CM was made in order to eliminate difficulty from this cause, and the results cannot be much in error so far as this source is concerned.
These observations, strongly confirm Mitchell's conclusion that lines due to water-vapor are not affected in the spot spectrum. But three lines in the fist are assigned by Rowland to water-vapor alone,* and in the case of each of these the identification is marked doubtful.
The fact that only a little more than one-fourth of the lines in the table are "unknown" is decidedly opposed to Lockyer's view that at the period of sun-spot maximum the lines due to known elements are replaced by unknown lines. Even of this fourth a considerable proportion consists of such faint lines that their identification by Rowland would be improbable, since in the case of fines of intensity 00 on his scale an identification is much more the exception than the rule, and since the probability grows less with decreasing intensity. The evidence afforded by the iron fines is also opposed to Lockyer's conclusion. More than one-sixth of the total number of lines affected is due to that element alone, and it also enters largely into the composite and blended fines. It seems to us probable, as Cortie has suggested, that changes in the behavior of the iron fines may depend upon the character of the spots in which they occur, but at present we have by no means sufficient evidence to speak definitely on this point.
In a recent paper, 1 discussing his observations of the sun-spot spectrum in the region C to D, Fowler draws the conclusion that in the case of elements which are represented in the Sun by comparatively faint fines, such as titanium, vanadium, and chromium, the lines in the spot are strengthened in proportion to their intensities in the Sun. Our results do not support this conclusion. In the case of titanium, which is the element Fowler discusses in detail, we have, for example, in the fines ^ 5566, A* 5649, and A, 5717 instances of fines strengthened from 00 to 2 on Rowland's scale. On the other hand, the stronger fines A, 5023, A 5515, and A 5676 are only very slightly affected, rising from 2 to 2-3 on the same scale. Perhaps an even more striking case is that of the fine A. 5490, which rises from a solar intensity of o to 3 in the spot. This is a value that is surpassed 1 Monthly Notices, 65, 205-218, 1905. 190 6Ap J.
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by very few lines with a solar intensity as great as 2. Fowler remarks that "in photographs, at least, a general strengthening of all the lines belonging to an element produces a more obvious effect on the weaker lines than on the strong ones, though all may be intensified in the same ratio." This may have some effect in the case of elements with such strong lines that it is difficult to find fines in the adjoining solar spectrum of sufficient intensity for comparison purposes. In the case of titanium, however, even the strongest fines in the region under discussion are of very moderate intensity, and plenty of suitable comparison fines are available, so that it is difficult to see how much error can arise from the source which Fowler mentions.
In concluding this preliminary discussion of our results, attention should be called to the remarkable behavior of silicon, all the fines of which in this region of the spectrum, 7 in number, are much weakened. Mitchell finds a similar result for 5 fines. In view of the importance attaching to the carbon group of elements in the Sun, this result is of especial interest. "bands" in the spectra op sun-spots In describing the spectrum of a spot observed from April 11 to April 13, 1869, Secchi speaks of several groups of very fine fines which fie close together in the general spectrum of the Sun, but appear in spots as diffuse and nebulous fines:
Dans la région du vert, il y en a un très-grand nombre qui deviennent très-noires dans les taches, tandis que sur le reste du disque on a beaucoup de peine à les distinguer. Ces systèmes ne paraissent cependant pas être des créations nouvelles tout à fait particulières aux taches; ils correspondent ordinairement à des raies très faibles indiquées par Kirchhoff; mais ces raies prennent dans les taches un développement extraordinaire, ce que constitue un phénomène bien tranché et complètement caractéristique.
1
These observations, which describe very accurately the phenomena of spot bands, have received little or no mention in the literature of the subject.
In his Mount Sherman observations, Professor .Young noticed* between C and D in the spot spectrum some peculiar shadings terminated sharply by hard dark fines on the less refrangible side and fading out gradually in the other direction. The Greenwich obser-1 Le Soleil, 2d ed., 1, 288. 2 Natuze, 7, December 12, 1872. 190 6Ap J.
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valions of spot "bands," which have been frequently cited, were made during the years 1880 to 1883. Many of the "bands" were only about one tenth-meter broad. On November 18, 1881, the "bands" "seemed to be composed of fine lines, but this could not be ascertained with certainty." 1 Father Cortie distinguishes three types of "bands." The first, "a certain fuzzy appearance surrounding the widened portions of the dark lines," is merely a special case of widening. The second results from increased general absorption in certain parts of the spectrum, while the third is "the appearance of real bands in the selective absorption due to a spot." The lack of uniformity of the general absorption is precisely what gives rise, in our photographic observations, to the appearance of bands, and particularly to the "bands" observed at Greenwich. These are included by Father Cortie in his third class (bands proper), together with the bands observed by Professor Young at Mount Sherman. Father Cortie discusses in this paper his observations of two "bands" in the red, and remarks that "these bands or groups of fines were due to the spot alone, for no trace of them could be detected when the spot was removed from the slit, and they stand out most clearly and distinctly in the darkest part of the umbra." He concludes that bands of the third class "belong exclusively to sun-spot spectra" and are "altogether distinct from the ordinary widened or darkened or obliterated fines of such spectra." Vogefis observations of spot spectra, which may be found in the Bothkamper Beobachtungen* include a number of bands, some of which were resolved into fines. More recent observations include those made photographically at the Yerkes Observatory in 1902, 4 
and the visual results of Fowler and
Mitchell, which are referred to below. Before citing these, reference should be made to Young's wellknown resolution of the dark background of the spot spectrum into fine fines :
But the most striking result is that in certain regions the spectrum of the spot-nucleus, instead of appearing as a mere continuous shade, crossed here and there by markings dark and light, is resolved into a countless number of lines, exceedingly fine and closely packed, interrupted frequently between E and F 190 6Ap J.
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GEORGE E. HALE AND WALTER S. ADAMS 00 CM (and occasionally below E) by lines as bright as the spectrum outside the spot When seeing is at the best, and everything favorable, close attention enables one to trace nearly all these lines out beyond the spot and its penumbra. But they are so exceedingly faint on the Sun's general surface that usually they cannot be detected outside the spot spectrum. ... . . Of course the resolution of the spot spectrum into lines tends to indicate that the absorption which darkens the center of the sun-spot is produced, not by granules of solid or liquid matter, but by matter in gaseous form. 1 Dunér, in his memoir, Recherches sur la Rotation du Soleil (p. 12), describes his confirmation of Young's observations in the following words :
J'ai en effet vu le spectre des taches perdant tout-à-fait l'apparence d'une bande unie plus sombre que le reste du spectre solaire, laquelle il présente dans un spectroscope d'une dispersion moyenne, et montrant de très nombreuses raies sombres, projetées sur un fond du même éclat que le spectre général du disque solaire. Ces raies ne sont pas cependant uniformément réparties et à la même distance l'une de l'autre comme les lattes d'une grille. Au contraire, on voit avec une pleine sûreté, surtout en portant son attention sur les espaces qui dans le spectre solaire sont vides de toutes raies tant soit peu fortes-je cite comme exemples les lacunes 5352 .... 5361 et 5287,5 .... 5292-qu'elles sont agroupées en doublets, triplets, etc., séparées par des interstices plus larges que ceux qui séparent les raies constituantes de ces groupes. Tous les interstices, autant que j'ai pu les voir, m'ont semblé être du même éclat que ceux qui se trouvent entre les groupes des raies dans le spectre solaire. En examinant très attentivement le spectre solaire, dans le prolongement d'un tel groupe dans le spectre des taches, il m'est quelquefois arrivé de découvrir un trait nébuleux excessivement faible. En un mot: tout ce que j'ai vu, me semble prouver qu'il n'y a pas de différence fondamentale entre le spectre solaire général et celui des taches. Il est au contraire fort probable, que celui-ci se forme, pour ainsi dire, par l'exagération des caractères essentiels de celui-là, les raies excessivement faibles, presque imperceptibles, devenant parfaitement visibles, et les raies qui, dans le spectre solaire ordinaire, sont fortes devenant élargies et renforcées.
In his recent paper, "Researches in the Sun-Spot Spectrum, Region F to a," 2 Walter M. Mitchell, in speaking of the resolution of the spot spectrum into fine fines, remarks:
The lines are most closely crowded in the region XX 5000-5160; in the lower 1 A new line at X 3884 ±2, mentioned in this paper as exceedingly bright in the spectnun of a specially vigorous eruption of prominences, is very likely identical with the bright line at X 3884.28 and X 3884.67, in the "intermediate" and "abnormal" spectra described in our account of a remarkable disturbance of the reversing layer {Astrophysical Journal, 16, 220, 1902) . 2 Astrophysical Journal, 22, 4, 1905. 190 6Ap J.
OBSERVATIONS OF SUN-SPOTS 33 00 CM portons of the spectrum, particularly below D, the Unes form groups rather than a uniform succession of lines as above the b's. The writer doubts whether the greater part of these "band-lines" are lines ordinarily exceedingly faint in the photospheric spectrum, and brought into prominence by the vapors of the spot, but is inclined to the opinion that they are Unes not present in the photospheric spectrum at all Of course there are numerous "band-lines" that are fine and sharp, extending into and sometimes beyond the spectrum of the penumbra (long lines). These exceptional lines are undoubtedly faint lines in the ordinary spectrum.
Fowler observed two of the bands in the red described by Cortie (X 6381.6 and X 6389.0), and found them sharper on the red side, and not resolved into Unes. The general appearance of the band was very similar to that of a complex banded spectrum, such as that of sulphur, in which the maxima or "heads" are not very pronounced. Under favorable conditions, Young and Dunér were able to trace the dark components of the spot band structure in the spectrum of the disk outside the spot, but this was not clearly seen in my observations.
2
Fowler noticed, however, that the bright gaps which occur here and there among the crowded dark fines of the u spot bands," occupy spaces betwèen nebulous fines of low intensity in Rowland's table.
It is accordingly not improbable that the absorbing vapor which is chiefly responsible for the darkness of a spot is thinly distributed over the general surface of the Sun, and may account for some of the very numerous faint lines of the Fraunhofer spectrum.
3
As will be seen from the photographs reproduced in Plates IV and V, and also from the wave-lengths of the fines in the " spot-bands " given in Table III 
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the lines in our photographs are to be regarded as identical with the fine lines observed visually by Young and Dunér. These fines were frequently seen visually by Mr. Hale in his observations of spot spectra at the Kenwood Observatory with a spectroscope not differing greatly in resolving power from the instruments employed by Young and Dunér, and subsequently by us both at the Yerkes Observatory. It may be said at once that our photographs do not show as complete a resolution of the fine fines as can be observed visually. Nevertheless, we have no doubt that the majority of the fines are shown photographically, and that the jack of more complete resolution simply arises from the fact that the linear dispersion is not great enough for the purpose. The numerous fines particularly noted by Dunér, in the above quotation from his paper, as lying in the blank regions of the solar spectrum at X 5352-X 5361 and X 5287.5-X 5292, are clearly shown in our negatives, though they may not appear in the reproductions accompanying this paper (Fig. 2, Plate IV) . The best evidence, however, that the fines we have recorded represent the resolution of the "spot-bands," lies in the fact that the wavelengths of these fines agree very closely with the wave-lengths of the very faint fines in Rowland's table. In spite of the observations of Young and Dunér, the question of the identification of the fine fines in spots with the faint fines in Rowland's table has remained unsettled?
as is indicated by the fact .that Mitchell expresses the opinion, in a quotation given above, that the spot fines are distinct from the faint solar fines. We have here a demonstration of one of the advantages of photography, which permits accurate measurements of the wavelengths of such fines to be made, whereas these measurements would hardly be possible in the case of visual observations.
In spite of our identification of these fine fines of the "spot-bands" with the faint fines of the solar spectrum, we cannot subscribe to the opinion expressed by Dunér "that there is no fundamental difference between the general solar spectrum and that of the spots." If, in accordance with what appears to be his view (see the above quotation from his memoir), the spot spectrum is produced by a general increase in the intensity of the fines of the solár spectrum, no such differences 
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35 00 CM Plate IV could exist. The remarkable strengthening of some of the lines of certain elements, and the perhaps even more remarkable reduction in intensity of some of the lines of other elements, gives to spot spectra a very exceptional interest, and should encourage the most careful investigation, both by visual and photographic means.
Our photographs tend to confirm the view expressed by Young, • Dunér, and Fowler, that the bright lines described by Young are simply interruptions in the series of dark lines, corresponding to similar interruptions in the general solar spectrum. As for the character of the fine lines in the spot spectrum, to which Mitchell calls special attention, our photographs are not as well suited as visual observations to determine a question of this kind. We hope to return to this and various other questions at a later date.
Of course, it does not follow from our discussion that true bands or flutings do not exist in the spectra of sun-spots. We can only say that we have so far failed to record them, and that many of the so-called "bands" are undoubtedly due to the fine lines shown in our photograph. Table III A considerable number of blends are included in the table. It will be seen that in almost every such case the fine is noted as " broad " in the last column. These notes are taken from the original record books, and indicate that the compound character of the fine is shown by its unusual width.
THE CAUSE OE THE DARKNESS OF SUN-SPOTS
In a paper with the above title, OBSERVATIONS OF SUN-SPOTS 43 00 CM minds that absorption is to be regarded as the principal cause of the darkness of sun-spots. A mere reduction of the intensity of the solar light, due to diminished radiation, could not, in our opinion, account for the observed phenomena. In describing his artificial spot spectrum, 1 Wilson states that all lines with nebulous edges are widened,, while sharp fines are not affected. In answer to this, it may be said,, on the one hand, that the lines which are widened in sun-spots are not all nebulous, and, on the other hand, it frequently happens that certain very faint fines are greatly increased in intensity, while other faint fines of the same element are not affected. It is true that Wilson, in his recent paper, does not ascribe the widening of the fines in sun-spots entirely to the want of brightness of the gaseous layer below; he considers that the greater depth of the observed vapors of certain elements, such as titanium, whose atomic weight might determine their position between the photosphere and an underlying gaseous layer, would cause the fines of these substances to be specially conspicuous in the spot spectrum. We have already pointed out that all of the fines of such elements are not equally enhanced, but it might be said that this fact can be no more easily explained on the basis of the ordinary absorption hypothesis. We must therefore have recourse to some other test.
The necessary criterion seems to be afforded by certain determi-^ nations of the intensity of radiation of sun-spots corresponding ta the fight of different wave-lengths, made by Mr. Abbot on Mount Wilson during the past summer, as a part of the work of the Smithsonian Expedition. Without going into the details of these observations, which will doubtless be published in full at a later date, it may be said that the radiation of sun-spots, as compared with that of the photosphere, decreases very rapidly with the wave-length. In the infra-red the radiation of the umbra of a sun-spot is but little below that of the surrounding photosphere, whereas at the violet end of the spectrum the relative intensity of the photospheric radiation is far greater. J 1 Wilson produced a dark line spectrum by passing the light from a luminous globe through the fumes of nitrous oxide. A piece of thin paper pasted to the globe cut down the intensity of the light about 50 per cent., and its image on the slit produced a dark band in the spectrum, across which the diffuse lines were widened.
